Introduction
In a number of papers (van RHIJN, 1984 (van RHIJN, , 1985 (van RHIJN, , 1991 ) I have argued that pure male parental care is probably the ancestral parental care pattern in birds. This seems to be contradictory to the finding that pure male parental care is extremely rare in recent birds, and absent in most families. Yet such a finding cannot be used as proof against the view of male parental care as a primitive condition. The reason for this is that primitive characters may get lost in the course of evolution. For instance, adult mammals, birds, and reptiles have no gills, although their foetuses do possess them, and their early ancestors had gills during their whole life cycle. As soon as these ancestors left the water they had to evolve lungs. By that time their gills became useless. A secondary return to the water, such as in turtles, penguins, auks, and whales, has in no case led to the maintenance of gills in adult individuals. This may be related to the continuing partial dependence on landlife present in most of these groups (sea-turtles, all birds, and seals). This factor, however, can hardly be considered as a cause of their inability to develop gills in adult individuals, but mainly as a consequence of it. A main cause of the con-tinuation of lung respiration is their very high demand for oxygen (to an extent that cannot be supplied by gills) to maintain their increased metabolism (e.g. SCHMIDT-NIELSEN, 1975) . Thus the transition from gills towards lungs seems to be possible because it creates new perspectives for the animal, but a transition in the opposite direction seems to be very unlikely because it severely restricts several of the animal's potentialities. The phenomenon that certain evolutionary processes tend to proceed in one direction, but not (or very rarely) in the opposite one, has been recognized by a large number of investigators (e.g. RENSCH, 1947; Snvtp-SON, 1953; ELDREDGE & GOULD, 1972; GOULD & ELDREDGE, 1977; MAYNARD SMITH et al., 1985) . Its importance in the evolution of morphological and physiological traits is widely accepted, but in the study of the evolution of behavioural properties this possibility is generally ignored. Only a small number of modest attempts have been made to consider it (e.g. GITTLEMAN, 1981; RIDLEY, 1983) .
In this article I want to present arguments for the importance of unidirectionality in the evolution of behavioural traits, especially in the evolution of parental care and social organization. I shall develop my hypotheses from the diversity in social organization in waders and related groups (order Charadriiformes) and on the basis of earlier theoretical work. To test these hypotheses I shall consider whether they are compatible with the existing ideas about phylogenetic relations between various taxa of arctic sandpipers (subfamily Calidridinae), waders and related groups, and birds in general.
Diversity among Charadriiformes
A review of the diversity of social systems is presented in Table 1 . In most species monogamous pair-bonds are established, usually associated with biparental care of the offspring. In many of these monogamous species the male performs most care after hatching of the eggs, in some species from the start of incubation onwards. In a few species sex-roles are completely reversed. In a few others the female typically produces two clutches of eggs, of which the first one is incubated and cared for by the male, and the second by the female (double clutching).
In several waders social relationships between males and females are even more complex. Polyandrous relationships are fairly common, especially among species with sexrole reversal.
Polygynous relationships also seem to occur in some species. Promiscuous relationships have been found in only a few species of waders. In some of the latter species males display lek behaviour.
